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Abstract

Aim: To evaluate the pharmacodynamic effects of tirzepatide, a novel dual glucagon-

like peptide-1 receptor and glucose-dependent insulinotropic polypeptide receptor

agonist, compared with dulaglutide in patients with type 2 diabetes.

Materials and Methods: SURPASS J-mono was a 52-week, multicentre, randomized,

double-blind, parallel, active-controlled, Phase 3 study, conducted in Japan. This sub-

study of SURPASS J-mono evaluated postprandial metabolic variables and appetite

after a meal tolerance test, and body composition measured by bioelectrical imped-

ance analysis.

Results: Of 636 participants in SURPASS J-mono, 48 were included in this substudy

and assigned to tirzepatide 5 mg (n = 9), tirzepatide 10 mg (n = 11), tirzepatide

15 mg (n = 9), or dulaglutide 0.75 mg (n = 19). Participants had a mean (standard

deviation) age of 58.6 (7.5) years, duration of diabetes of 6.0 (6.3) years, and body

mass index of 27.5 (3.5) kg/m2. Mean glycated haemoglobin at baseline was

66 mmol/mol (8.22%). Following a standardized meal test, statistically significant dif-

ferences in change from baseline in area under the concentration versus time curve

from time zero to 6 h after dose for glucose, insulin, glucagon, C-peptide and triglyc-

erides were observed in all tirzepatide treatment arms, except triglycerides at 10 mg,

compared with dulaglutide at Week 32. For body composition, tirzepatide 10 mg and

15 mg resulted in a significant reduction in body weight, and all doses of tirzepatide

resulted in a significant reduction in body fat mass at Week 52.

Conclusions: Compared with dulaglutide, tirzepatide showed greater potential for

normalizing metabolic factors after a standardized meal. Tirzepatide reduced body

weight and body fat mass.
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1 | INTRODUCTION

Treatment of type 2 diabetes mellitus (T2D) generally consists of a

combination of changes in lifestyle, including diet and exercise, and

pharmacological treatments. As T2D progresses, patients become

increasingly insulin-deficient and/or insulin-resistant, and eventually

require more intensive therapy. The American Diabetes Association

recommends a patient-centred and collaborative approach for glycae-

mic management.1 Factors such as cardiovascular and renal comorbid-

ities, efficacy, hypoglycaemia risk, impact on weight, cost, risk of side

effects, and patient preferences should guide the choice of pharmaco-

logical agents.1

Data from cardiovascular outcome trials have highlighted that

glucagon-like peptide-1 receptor agonists (GLP-1RAs) and sodium-

glucose cotransporter-2 (SGLT2) inhibitors confer protection against

major cardiovascular disease and all-cause mortality.2 Since 2017,

there has been a steady increase in the use of GLP-1RAs among

patients with T2D.3 In addition to GLP-1RAs, dual and triple agonists

for GLP-1, glucose-dependent insulinotropic polypeptide (GIP) and

glucagon receptors are under clinical development as potential thera-

peutic options for T2D.3

Tirzepatide is a GIP/GLP-1RA for the treatment of T2D.4 This

39-amino-acid synthetic peptide has a C20 fatty di-acid moiety, which

assists with half-life extension, thus allowing once-weekly subcutane-

ous administration.4 In Phase 2 and 3 clinical trials, participants trea-

ted with tirzepatide (5, 10 and 15 mg) demonstrated greater

reductions in glycated haemoglobin (HbA1c) and body weight com-

pared with those treated with placebo, GLP-1RAs and basal insulin.5-9

The SURPASS J-mono trial was a Phase 3 study evaluating the

efficacy and safety of tirzepatide monotherapy in Japanese patients

with T2D. Findings from the SURPASS J-mono trial demonstrated

superiority of tirzepatide compared with dulaglutide in terms of gly-

caemic control; estimated mean treatment differences were �1.09

(95% confidence interval [CI] �1.27, �0.90) for tirzepatide 5 mg,

�1.27 (95% CI �1.45, �1.08) for tirzepatide 10 mg and �1.53 (95%

CI �1.71, �1.35) for tirzepatide 15 mg compared with dulaglutide

0.75 mg (all p < 0.001).10 Furthermore, tirzepatide was associated

with dose-dependent reductions in body weight ranging from �5.8 to

�10.7 kg, compared with �0.5 kg for dulaglutide.10 In the current

study, we evaluated the pharmacodynamic characteristics of tirzepa-

tide in comparison with dulaglutide, including postprandial metabolic

characteristics and appetite after a standardized test meal, and body

composition measured by bioelectrical impedance analysis, in a subset

of participants from the SURPASS J-mono study.

2 | MATERIALS AND METHODS

2.1 | Study design and participants

This was a 52-week, multicentre, randomized, double-blind, parallel,

active-controlled, Phase 3 study conducted in Japan (SURPASS J-

mono). Participants, investigators and the sponsor were masked to

treatment assignment. Of the 636 participants enrolled in the SUR-

PASS J-mono study, 48 participants from three study sites were

included in this exploratory substudy (Supplementary Table 1) and

were randomized in a 1:1:1:1 ratio to receive tirzepatide (5, 10 or

15 mg) or dulaglutide (0.75 mg). Assignment to treatment arms was

determined by a computer-generated random sequence using an

interactive web-response system. Participants were stratified based

on baseline HbA1c (≤69 mmol/mol [≤8.5%] or >69 mmol/mol

[>8.5%]), baseline body mass index (BMI; <25 or ≥ 25 kg/m2) and

washout of antidiabetic medication (yes or no).

Key inclusion criteria included: age ≥20 years; diagnosis of T2D

based on World Health Organization classification at least 8 weeks

prior to the screening visit; being oral antihyperglycaemic medication

(OAM)-naive (diet and exercise only) or taking OAM monotherapy

except tirzepatide and willingness to discontinue the medication;

HbA1c ≥53 mmol/mol to ≤86 mmol/mol (≥7.0% to ≤10.0%) at both

Visit 1 and Visit 2 for patients who were OAM-naïve or ≥48 mmol/

mol to ≤75 mmol/mol (≥6.5%–≤9.0%) at Visit 1 and ≥53 mmol/mol to

≤86 mmol/mol (≥7.0%–≤10.0%) at Visit 2 for patients taking OAM

monotherapy; stable weight (±5%) for 3 months prior to Visit 1; BMI

≥23 kg/m2 at Visit 1; and agreement not to initiate an intensive diet

and/or exercise programme during the study. Key exclusion criteria

included: diagnosis of type 1 diabetes; history of use of any injectable

therapy for T2D; chronic or acute pancreatitis; diabetic retinopathy

requiring acute treatment; acute or chronic hepatitis; and an esti-

mated glomerular filtration rate <30 mL/min/1.73 m2.

The study protocol was approved by local institutional review

boards. The trial was conducted in accordance with the Declaration of

Helsinki and Council for International Organizations of Medical Sci-

ences International Ethical Guidelines. All participants provided writ-

ten informed consent. This study is registered with ClinicalTrials.gov

(NCT03861052).

2.2 | Procedures and outcomes

Following a 4-week (OAM-naïve) or 10-week (at least 8-week OAM

washout) lead-in period, participants received tirzepatide or dulaglu-

tide via subcutaneous injection once weekly for 52 weeks, followed

by a 4-week safety follow-up period. The starting dose of tirzepatide

was 2.5 mg once weekly for 4 weeks. This was followed by an

increase of 2.5 mg every 4 weeks until the required dose was reached.

The final dose was then maintained for the duration of the trial. Dula-

glutide was administered at 0.75 mg once weekly and maintained for

the duration of the trial. The study design is outlined in Supplemen-

tary Figure 2. Three out of 46 study sites participated in this

substudy.

The meal tolerance test (MTT) was performed at baseline and

Week 32 as previously described.11 A standardized test meal of

494 kcal was used, consisting of pre-packaged meals (303 kcal) and

white rice (191 kcal). The percentages of carbohydrate, protein and

fat were 58%, 16% and 26%, respectively. Appetite was assessed for

up to 6 h following each MTT, with fullness and hunger assessed
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using a visual analogue scale.12 Body composition was measured by

bioelectrical impedance analysis using InBody770 (InBody Japan) at

Weeks 0, 12, 32 and 52 (Supplementary Table 2).

The objectives of this substudy were to assess the pharmacody-

namic effects of tirzepatide at 3 doses (5, 10 and 15 mg) compared

with dulaglutide (0.75 mg). Postprandial metabolic characteristics

included appetite (fullness and hunger) and area under the concentra-

tion versus time curve from time zero to 6 h after dose (AUC[0–6h]) for

plasma glucagon and serum glucose, insulin, C-peptide and triglycer-

ides. Body composition characteristics included total body water, pro-

tein, minerals and body fat mass.

2.3 | Statistical analysis

Pharmacodynamic analyses were conducted using data from all partic-

ipants who received at least one dose of investigational product and

who had evaluable pharmacodynamic effects. The total sample size of

48 (12 per treatment arm) for this substudy provided 79% power to

demonstrate a statistically significant difference between the tirzepa-

tide dose levels and dulaglutide 0.75 mg in terms of glucose AUC

based on a two-sample t-test with a two-sided significance level of

0.05 and assuming two dropouts per arm. Difference between the tir-

zepatide and dulaglutide treatment arms assumed true difference in

glucose AUC(0–6h) was 18.3 mmol*h/L with a common standard devia-

tion (SD) of 13.9 mmol*h/L. This assumption is based on previous

findings.11,13-16 The change in pharmacodynamic variables from base-

line to Week 32 was analysed by an analysis of covariance model with

treatment, baseline BMI (<25 or ≥25 kg/m2), washout of OAM (yes or

no), and baseline value of the dependent variable as a covariate. For

postprandial metabolic characteristics and appetite, the AUC(0–6h) was

calculated using the linear trapezoidal method. The least squares

(LS) mean, standard error and 95% CIs were used for analyses of

change from baseline. Treatment comparisons are displayed showing

the treatment difference LS mean and 95% CI of differences along

with the p values.

For body composition variables, data were collected for total

body water, protein, minerals and body fat mass. Baseline and change

in body composition variables from baseline were summarized. In this

analysis, lean body mass was calculated as the sum of total body

water, protein and minerals, and body weight was calculated as the

sum of total body water, protein, minerals and body fat mass.

3 | RESULTS

3.1 | Patients

Between May 7, 2019 and March 31, 2021, 95 participants were ran-

domized from three of the 46 sites that participated in the SURPASS

J-mono study, to tirzepatide 5 mg (n = 22), tirzepatide 10 mg

(n = 21), tirzepatide 15 mg (n = 19) or dulaglutide 0.75 mg (n = 33).

Of the 95 participants, 48 participants provided informed consent for

this substudy: tirzepatide 5 mg (n = 9), tirzepatide 10 mg (n = 11), tir-

zepatide 15 mg (n = 9) and dulaglutide 0.75 mg (n = 19)

(Supplementary Figure 1). Of the 43 participants who completed

study treatment, one participant in the dulaglutide 0.75-mg arm

required rescue medication (metformin 500 mg from Day 158). Over-

all, two participants in the tirzepatide 5-mg treatment arm and one

participant in the dulaglutide 0.75-mg treatment arm discontinued

study treatment prior to Week 32, and two participants in the tirzepa-

tide 10-mg treatment arm discontinued study treatment after Week

32. Reasons for discontinuation are outlined in Supplementary

Table 1.

Baseline demographic and clinical/disease-related characteristics

are shown in Table 1. The mean age of participants was 58.6 (SD 7.5)

years. Most participants were male (85.4%) with median (Q1, Q3)

duration of diabetes of 4.4 (2.3, 8.5) years and BMI of 27.5 (3.5)

kg/m2. There were differences between treatment arms in some base-

line patient characteristics. Body weight was lower in the dulaglutide

arm (73.2 kg vs. 77.5 kg, 82.7 kg and 84.9 kg for the tirzepatide 5-mg,

10-mg and 15-mg arms). Baseline HbA1c was 65.0 mmol/mol (8.07%)

in the dulaglutide arm and 62.0 mmol/mol (7.81%), 70.0 mmol/mol

(8.55%) and 70.0 mmol/mol (8.54%) in the tirzepatide 5-mg, 10-mg

and 15-mg treatment arms.

3.2 | Standardized meal test

A time course of postprandial metabolic variables from 0 to

360 minutes after a standardized meal test at baseline and Week

32 is shown in Figure 1 and the AUC(0–6h) for postprandial meta-

bolic variables and appetite are summarized in Table 2. Following a

standardized meal test, statistically significant reductions from

baseline were observed at Week 32 for both glucose and glucagon

AUC(0–6h) with all doses of tirzepatide. In addition, statistically sig-

nificant increases from baseline in insulin and C-peptide AUC(0–6h)

were observed for dulaglutide and statistically significant reductions

from baseline in triglyceride AUC(0–6h) were observed for tirzepa-

tide 5 mg and 15 mg at Week 32. Compared with dulaglutide, statis-

tically significant reductions in change from baseline in AUC(0–6h)

after dose for glucose, insulin, glucagon, C-peptide and triglycerides

AUC(0–6h) were observed at Week 32 in participants randomized to

tirzepatide, except in the case of triglycerides with tirzepatide

10 mg. There were no significant differences between absolute

change and percent change in postprandial metabolic variables. The

percent change in postprandial metabolic variables at Week 32 is

shown in Supplementary Table 4.

In terms of appetite, a statistically significant increase was

observed at Week 32 from baseline in the AUC(0–6h) for fullness with

all doses of tirzepatide and dulaglutide. In addition, a statistically sig-

nificant decrease was observed in the AUC(0–6h) for hunger for the tir-

zepatide 10-mg and 15-mg treatment arms. However, no statistically

significant differences in change from baseline in AUC(0–6h) for either

fullness or hunger were observed between tirzepatide treatment arms

and dulaglutide.
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3.3 | Body composition

Change from baseline in body composition variables for each treat-

ment arm is outlined in Figure 2 and Supplementary Figure 3. Tirzepa-

tide at 10 mg and 15 mg resulted in significant reductions in lean

body mass and body weight, and all doses of tirzepatide resulted in a

significant reduction in body fat mass at Week 52. Compared with

dulaglutide, significant reductions in body fat mass and body weight

were observed at Week 52 in the tirzepatide 10-mg and 15-mg arms,

and significant reductions in lean body mass were observed at Week

52 in the tirzepatide 15-mg arms (Figure 2A and Supplementary

Table 2). In terms of percentage of body composition, body fat per-

centage decreased in all tirzepatide treatment arms at Week 52, while

the percentage of body water, protein and minerals increased

(Figure 2B and Supplementary Table 2). The observed reductions in

lean body mass are mainly attributed to body water reduction. The

percent change from baseline in body composition at Week 52 is

shown in Supplementary Figure 4. The percent change from baseline

was significantly decreased in body fat mass and body weight in all tir-

zepatide treatment arms, with no decrease observed in the dulaglu-

tide 0.75-mg treatment group.The COVID-19 pandemic did not

appear to impact the outcomes of the study.

4 | DISCUSSION

In this substudy of the SURPASS J-mono trial, we observed statisti-

cally significant reductions in glucose and glucagon AUC(0–6h) follow-

ing all doses of tirzepatide. In addition, compared with dulaglutide,

significant differences in AUC(0–6h) values after dose for glucose,

insulin, C-peptide, glucagon and triglycerides were observed with all

doses of tirzepatide, except in the case of triglycerides at the tirzepa-

tide 10-mg dose. Several studies have undertaken MTTs in patients

with T2D treated with short- and long-acting GLP-1RAs. These stud-

ies have shown that short-acting GLP-1RAs, such as lixisenatide and

exenatide, reduced glycaemic excursions, insulin secretion and gluca-

gon levels via delayed gastric emptying.17-21 Long-acting GLP-1RAs,

such as liraglutide and dulaglutide, reduced overall glucose and gluca-

gon levels, and increased postprandial insulin secretion, which peaked

at approximately 90 min following the start of a standardized

meal.11,22 Interestingly, the long-acting GLP-1RA semaglutide, unlike

dulaglutide and liraglutide, reduced overall glucose levels without

increasing insulin, and suppressed glucagon levels in a 24-hour meal

test.23 Similarly, the current study demonstrated that postprandial

secretions of insulin and glucagon were suppressed in patients receiv-

ing tirzepatide. It is conceivable that postprandial insulin secretion

was not considerably enhanced by tirzepatide (and semaglutide) due

to body weight reduction and subsequent enhancement of insulin

sensitivity. It was also reported that tirzepatide improves insulin sensi-

tivity independent of body weight reduction in diet-induced obese

mice, although the exact mechanisms are yet to be fully defined.24 It

is also possible that postprandial insulin secretion was not overly

enhanced by tirzepatide due to suppression of postprandial glucagon

secretion, which is known to enhance insulin secretion.25-27 However,

it was recently reported that GIP enhances postprandial glucagon

secretion, thereby stimulating insulin secretion.28 Thus, it remains to

be determined how tirzepatide suppresses postprandial glucagon

secretion.

In terms of triglycerides, postprandial levels were not increased

due to the low-fat diet employed in this study. It has been reported

TABLE 1 Baseline characteristics

Tirzepatide

5 mg (n = 9)

Tirzepatide

10 mg (n = 11)

Tirzepatide

15 mg (n = 9)

Dulaglutide

0.75 mg (n = 19)

Total

(n = 48)

Age, years 59.0 (4.2) 59.5 (9.2) 55.6 (5.1) 59.3 (8.6) 58.6 (7.5)

Male, n (%) 7 (77.8) 10 (90.9) 8 (88.9) 16 (84.2) 41 (85.4)

Weight, kg 77.5 (13.0) 82.7 (17.4) 84.9 (11.0) 73.2 (8.1) 78.4 (12.7)

Body mass index, kg/m2 27.2 (2.6) 27.6 (4.3) 29.8 (4.3) 26.5 (2.6) 27.5 (3.5)

Duration of T2D, years, median (Q1,

Q3)

3.5 (0.9, 7.0) 8.6 (3.3, 13.5) 3.6 (3.0, 4.8) 4.0 (2.7, 9.6) 4.4 (2.3, 8.5)

Fasting serum glucose

concentration, mg/dL

157.4 (25.5) 185.6 (29.7) 189.4 (47.6) 171.8 (37.5) 175.6 (36.8)

HbA1c concentration, % (SD),

mmol/mol

7.81 (0.87), 62.0 8.55 (0.66), 70.0 8.54 (0.96), 70.0 8.07 (0.82), 65.0 8.22 (0.85),

66.0

eGFR, CKD-EPI calculation, mL/min

per 1.73m2

74.1 (11.0) 71.0 (12.4) 81.0 (11.7) 76.1 (7.4) 75.5 (10.4)

Systolic blood pressure, mm Hg 132.5 (5.0) 122.9 (15.4) 120.4 (12.4) 129.7 (16.7) 126.9 (14.4)

Diastolic blood pressure, mm Hg 82.3 (4.7) 78.2 (9.6) 78.9 (6.3) 80.4 (8.5) 80.0 (7.7)

Pulse rate, beats per minute 73.8 (12.8) 73.6 (7.5) 75.5 (7.0) 77.7 (10.6) 75.6 (9.7)

Note: Data presented as mean (SD) unless otherwise indicated.

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; N,

number of participants; SD, standard deviation.
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F IGURE 1 Mean postprandial metabolic and appetite variables after a standardized meal. Time course of pharmacodynamic and appetite
variables for tirzepatide (5 mg, 10 mg and 15 mg) and dulaglutide 0.75 mg at baseline and at Week 32 following administration of a standardized
meal. VAS, visual analogue scale.
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that tirzepatide improves lipoprotein biomarkers such as triglycerides

in patients with T2D.29 It is unclear why no significant change in tri-

glycerides was observed in the tirzepatide 10-mg arm, but a signifi-

cant reduction of triglycerides in the tirzepatide 5-mg and 15-mg arms

is consistent with previous findings.

For appetite, a statistically significant increase in fullness was

observed for all doses of tirzepatide and for dulaglutide 0.75 mg, and

statistically significant decreases in hunger were observed in the tirze-

patide 10-mg and 15-mg treatment arms. In this study, patients were

required to consume the entire meal, hence the volume of meal con-

sumption was not assessed, but it was reported that meal consump-

tion decreased in a dose-dependent manner in a Phase 1 study of

tirzepatide in Japanese patients with T2D.13 This appetite change

may be a factor in the reduction in body weight with tirzepatide

administration.

In terms of body composition, significant reductions in body

weight and body fat mass at Week 52 were observed in the tirzepa-

tide 10-mg and 15-mg treatment arms. Body fat reduction for tirzepa-

tide 5–15 mg (�4.1 to �6.8 kg) was greater than that observed for

semaglutide and canagliflozin in the SUSTAIN-8 study (�2.6 to

�3.4 kg, respectively) despite a lower baseline body weight (78.4 kg)

compared with SUSTAIN-8 (88.3 kg).30 The observed reductions in

body fat mass were mainly attributed to the reduction in body weight

and the observed reductions in body water were mainly attributed to

the reduction in lean body mass.

This is the first clinical study to investigate long-term pharmaco-

dynamic effects and body composition in Japanese patients treated

with tirzepatide. This study has some limitations. A notable limitation

of this substudy was the relatively small sample size in each treatment

arm, which included only a subset of patients from the main study.

Due to the limited sample size, differences in some baseline character-

istics between treatment arms were observed, however, statistical

analyses were based on a model adjusted for baseline variables. In

addition, only one endpoint measurement following the MTT at Week

32 was performed. Compared with baseline, blood glucose levels were

reduced at study endpoint, making comparisons of postprandial vari-

ables difficult between baseline and study endpoint due to less insulin

being required to lower glucose levels. Although participants agreed

not to initiate an intensive diet and/or exercise programme at any

point during the study, dietary and physical activity were not formally

assessed.

In conclusion, tirzepatide at 5 mg, 10 mg and 15 mg was capable

of normalizing glucose, insulin, C-peptide and glucagon levels after a

standardized meal test at Week 32, with statistically significant

changes from baseline in comparison with dulaglutide in Japanese

patients with T2D from the SURPASS J-mono study. In terms of appe-

tite, all three doses of tirzepatide were effective in increasing fullness,

and doses of 10 mg and 15 mg decreased hunger, although no statisti-

cal differences between tirzepatide and dulaglutide were observed.

Body composition analyses revealed significant body weight reduc-

tions with tirzepatide, mainly due to a decrease in body fat mass. The

ability of tirzepatide to target both glycaemic factors and weight loss

in Japanese patients with T2D is an advantage over standard

approaches for T2D that may increase or have little effect on weight.
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